The aim was to explore the possibility to forecast a risk of hypoxic lesions in a monotonous fetal heart rate via ECG measurements by the methods of time and frequency analysis. The study involved 50 healthy pregnant women with singleton pregnancy at 37-41 weeks of gestation along with 17 pregnant women in the same period of gestation who had a monotonous fetal heart rate registered of various origin. The registration of fetal heart rates was performed using fetal monitor "Monica AN24" ("Monica Healthcare Ltd", United Kingdom), transabdominal, using ECG electrodes. The software package "Monica DK" has been used to retrieve the "beat-to-beat" data. Analysis of experimental data was carried out on the basis of LABVIEW ® software (National Instruments ® , USA). The analysis of time parameters for fetal hypoxia showed a sharp decline in the spread function and a sharp increase in the concentration function. Spectral analysis showed a significant decrease in the ratio of high-to low-frequency components of the spectrum. In the analysis of fetal ECG, the ST segment depression was noted, which is also indicative of fetal hypoxia.
Introduction
Cardiotocography (CTG) belongs to routine methods of fetal monitoring in modern obstetrics. Doppler heart monitors that use ultrasound to register fetal heart rate allow the assessment of heart rate variability (HRV) and designation of monotonous heart rate as an adverse prognostic parameter. Beyond that account must be taken of the fact that over 25% of cardiotocography (CTG) records in the antenatal period are defined as vague, i.e., deemed alarming. It basically refers to the monotonicity of fetal heart rate.
A monotonous heart rate is a rate with the amplitude not exceeding five heart beats per minute absent accelerations or decelerations. A series of successive heart rate values has a complex wave structure rather than presents a set of random numbers. Heart rate is largely affected by the autonomic nervous system. The impact thereof is manifested in altering various frequency components of heart rate oscillations [1] . The degree of the autonomic nervous system impact on the fetal cardiac function can be estimated by using standard time and frequency domain methods of HRV analysis. Recent years have seen the appearance of scientific papers on the interaction of the sympathetic and parasympathetic divisions of the autonomic nervous system [2] [3] [4] [5] . However, ultrasonic CTG is limited in its further development due to the inability to provide its user with the beat-to-beat data required for HRV time and frequency analysis.
External noninvasive registration of fetal heart rate via ECG measurements is another method employed in fetal HRV study. Stable ECG signal generation alongside with fetal electrocardiogram morphology analysis has become the focus of numerous research investigations [6] . These are complemented with papers on the spectral analysis of transabdominal fetal electrocardiograms used for diagnosing fetal hypoxia during childbirth [7, 8] . Fetal electrocardiography is currently considered as an alternative to Doppler ultrasonic cardiotocography so far as the antenatal assessment of fetal condition is.
The present research is targeted toward the exploration of possibilities to predict the risks of hypoxic damage in the presence of monotonous fetal heart rate via ECG measurements with the application of time and frequency analysis methods.
Methods and materials
The sample of the research included 50 patients with normal singleton 37-41 week gestation admitted to the maternity department for delivery and 17 patients with the same gestation age diagnosed a monotonous fetal heart rate of varied etiology. Medical tests and measurements were conducted in the morning hours. Fetal heart rate was registered by using the "Monica AN24" ("Monica Healthcare Ltd" GBR)" fetal monitor, transabdominally, with the aid of ECG electrodes, the patient's position being unrestricted. The "Monica DK" software package permitting to retrieve beat-to-beat data was used for analyzing the electrophysiological information.
Each fetal heart rate monitoring session lasted for 60 minutes, which corresponded to 7000 counts. To avoid mistakes in spectral analysis data interpretation, it is essential that the number of readings taken for comparison be equal. The following periods of the fetal cardiorythmogram were selected for analysis: a stationary period lasting for 5 minutes (700 counts, Figure 1 ), nonstationary period lasting for 5 minutes (700 counts, Figure 2 ),and integrated period lasting for 60 minutes (7000 counts, Figure 3 ).
The background processing of data for temporal and spectral analysis consisted in the presentation of data in milliseconds (ms), elimination of artifacts (Figures 4 and 5) , deletion of popup values using the "three sigma rule" (Figures 6 and 7) , and estimation of stationarity using the Dx-statistics. Test data analysis was conducted on the basis of the LABVIEW ® (National Instruments ® , USA) software.
Normative time and frequency parameters for fetal HRV were determined in the group of patients with the normal gestation course. The parameters were defined as the upper (95‰) and lower (5‰) percentile limits of performance. All basic HRV functions were assessed: 
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The data correlation analysis permitted to identify five independent indicators to give the assessment of the fetal hypoxic damage risk by points (SDNN, RMSSD, AMo, Total Power, LF/HF). Assessment of fetal anoxic damage risk: 0-4 point-low; 5-6 point-medium; 7-8 point-high; 9-10 point-very high ( Table 2 ). 
Results

Normative, time, and spectral HRV parameters
The gross findings for the patients with normal 37-41 week gestation are as such. Wide variability of the stationary/nonstationary period parameters taken into account, it is of utmost importance to determine the lower (5‰) and the upper (95‰) heart rate percentile limits.
The stationary period (5 minutes or 700 counts, Table 3 ) is characterized by the monotonicity of fetal heart rate continuing for 10-15 minutes in a 60-minute registration session ( Table 3) . It corresponds to the resting or dormant state of the fetus. 
Total power 5-95‰ >95‰ <5‰
LF/HF 5-95‰ >95‰ <5‰ Table 2 . Assessment of fetal anoxic damage risk.
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The nonstationary period (5 minutes or 700 counts, Table 4 ) is characterized by the fetal heart rate acceleration occurrences ( Table 4) . It corresponds to the motion activity of the fetus.
Integrated period (60 minutes or 7000 counts, Table 5 ) is characterized by the fetal heart rate acceleration and by the monotonicity of fetal heart rate.
It should be noted that time and frequency domain methods used to assess fetal HRV complement each other.
Time and spectral HRV parameters and ECG morphology in the presence of monotonous fetal heart rate
According to the etiological factor, three types of monotonous fetal heart rate can be identified:
1. Physiological-occurring because of a temporary decrease in the fetus regulatory centers activity and corresponding to the resting or dormant state of the fetus;
2. Pharmacological-caused by the suppression of activity of the central fetal heart rate regulation mechanisms (methyldopa and relanium) or by the block of impulse transmission to the sino-atrial node (atropine);
3. Hypoxic-conditioned by circulatory injuries in the presence of heart failure or intra-uterine infection.
Since heart rate monotonicity is a stationary cardiorhythmogram, which means that the spectral properties of the signal do not change in time, the comparative study of the HRV time and frequency analysis data was conducted for the referential values of the stationary period only. 
Physiological monotonicity
Physiological fetal heart rate monotonicity is registered during the dormant state of the fetus and continues for 10-15 minutes in a 60-minute cardiac cycle registration session. Here, we present data analysis of the patient with 40 week gestation: delivery of a baby boy, 3430 g, 54 cm, and 9/9 Apgar score and stationary period lasting for 5 minute(or 700 counts duration, Figure 8 and Table 6 ). 
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The analysis of the time parameters revealed no impairment of the scattering or concentration functions (5-95‰). The time analysis indices did not go beyond the percentile limits. The spectral analysis permitted to identify vegetal balance with the total power up (>95‰) of the spectrum (Figure 9 ). However, it cannot be treated as a fetal hypoxia sign, which is Note: * Parameters exceed the 5-95‰ limits. confirmed by normal indicators of the fetus ECG (5-95‰) (Figures 8 and 10) . Facing this type of monotonicity, we can affirm that the risk of hypoxic damage assessed on the basis of time and frequency analysis parameters is low (4 points).
Pharmacological monotonicity: atropine
Atropine, a muscarinic receptor antagonist, reduces the vagal tone increasing the heart rate and raising conductivity along the His band. It is targeted toward the sino-atrial node causing Obstetrics 32 fetal heart rate monotonicity by increasing the activity of the sympathetic nervous system. The following is data analysis of the patient with 41 week gestation: planned labor induction; epidural anesthesia, cephalopelvic disproportion and caesarean section. Delivery of a baby boy, 4190 g, 56 cm, 8/9 Apgar score. Medicines used: atropine. Stationary period lasted for 5 minutes or 700 counts duration (Figure 11 and Table 7 ).
The analysis of the time domain parameters revealed no impairment of the scattering or concentration functions (5-95‰). The time analysis indices did not go beyond the percentile limits. The spectral analysis permitted to identify the total power up (>95‰) of the spectrum and the accentuated decrease of the high-frequency spectrum component (<5‰) which reflects the weakening of parasympathetic influences over the heart (Figure 12) . Accentuated sympathicotonia is confirmed by a significant increase in the high-to low-frequency spectrum components ratio (>95‰). The fetal ECG parameters including the ST segment do not go beyond the percentile limits (5-95‰), which speaks for the absence of fetal hypoxia (Figure 13 ). With this type of monotonicity, the risk of hypoxic damage assessed on the basis of time and frequency analysis parameters is moderate (5 points).
Pharmacological monotonicity: methyldopa
Methyldopa, which is a stimulant of the alpha-adrenoceptors, causes fetal heart rate monotonicity by suppressing the activity of the central fetal heart rate regulation mechanisms.
The following is data analysis of the patient with 39 week gestation: arterial hypertension, labor induction, delivery of a baby girl, 3090 g, 52 cm, 9/9 Apgar score. Medicines used: methyldopa starting from week 32. Stationary period lasted for 5 minutes 700 counts duration, (Figure 14 and Table 8 ).
The analysis of the time parameters revealed the intensification of the sympathetic influences which resulted in the increase of the concentration function (>95‰). The spectral analysis permitted to identify the increase of the high-frequency spectrum component (>95%) with a background of the total power down of the spectrum, which testifies for the predominance of parasympathetic influences over the heart (Figure 15 ). Accentuated vagotony is confirmed Figure 11 . A period of 41 week gestation, fetal cardiorythmograms, stationary period, pharmacological monotonicity, atropine effect (Y-axis-RR intervals, ms; X-axis-count). Obstetrics 34 by a significant decrease in the high to low-frequency spectrum components ratio (<5‰).
However, it cannot be treated as a fetal hypoxia sign. The fetal ECG parameters do not go beyond the percentile limits (5-95‰) (Figure 16 ). With this type of monotonicity, the risk of hyoxic damage assessed on the basis of time and frequency analysis parameters is moderate (6 points). 
Medication sleep (promedol and relanium)
Both promedol and relanium cause fetal heart rate monotonicity by depressing the central nervous system of the fetus. Here, you see data analysis of the patient with 40 week gestation, uterine scar, planned labor induction, medication sleep, delivery of a baby boy, 3600 g, 53 cm, 9/9
Apgar score. Medicines used: promedol and relanium. Stationary period lasted for 5 minutes or 700 counts duration ( Table 9 and Figure 17 ).
The analysis of the time parameters revealed no impairment of the scattering and concentration functions. The time analysis indices do not go beyond the percentile limits (5-95‰). The spectral analysis permitted to identify vegetal balance with the normal spectrum power (5-95‰) (Figure 18) . The fetal ECG parameters do not go beyond the percentile limits (5-95‰) (Figure 19) . With this type of monotonicity, the risk of hypoxic damage assessed on the basis of time and frequency analysis parameters is low (3 points).
Hypoxic monotonicity
Lack of vegetal balance leads to an extreme increase of adrenergic influences over vascular walls, which ultimately results in the predominance of cholinergic influences, and this process causes circulatory hypoxia followed by a change in the arterial blood gas as well as pH. 
Heart failure
The following is data analysis of the patient with 40 week gestation: arterial hypertension, atrial septal defect (12 mm), inferior vena cava dilation (10 mm), ascite confirmed by ultrasound fetometry. "Zero" blood flow in the umbilical artery, PI-1.77. Fetus weight: 3530 g.
Caesarean section caused by fetal distress in labor. Stationary period lasted for 5 minutes or 700 counts (Figure 20 and Table 10 ). Table 9 . Time and frequency analysis parameters and ECG morphology in the presence of pharmacological monotonicitypromedol and relanium. Figure 17 . A period of 40 week gestation, fetal cardiorythmograms, stationary period, pharmacological monotonicity, promedol and relanium (Y-axis-RR intervals, ms; X-axis-count).
Fetal infection
The following is data analysis of the patient with 40 week gestation: monotonous fetal heart rate, labor induction, caesarean section caused by fetal head asynclitism; delivery of a baby boy, 3650 g, 51 cm, 6/7 Apgar score; venous blood pH: 7.054; neonatologist's diagnosis: congenital pneumonia; respiratory failure, stage III; mixed genesis shock; and stationary period lasted for 5 minutes or 700 counts (Figure 21 and Table 11 ).
The analysis of the time parameters revealed a radical decrease of the scattering function (<5‰) alongside with a sharp increase of the concentration function (>95‰). This speaks for significant sympathetic influences over the cardiovascular system. The spectral analysis Obstetrics permitted to identify the increase of the high-frequency spectrum component (>95‰) with a background of the total power down of the spectrum (<5‰), which testifies for the predominance of parasympathetic influences over the heart (Figure 22) . Accentuated vagotony is confirmed by a significant decrease in the ratio of high to low frequency components of the spectrum (<5‰). Fetal ECG analysis shows depression of the ST segment, which is indicative of fetal hypoxia (<5‰) (Figure 23) . With this type of monotonicity, the risk of hypoxic damage assessed on the basis of time and frequency analysis parameters is very high (9 points). 
Conclusion
Heart rate variability (HRV) is a CTG parameter considered important for fetal monitoring [9] [10] [11] [12] . A monotonous heart rate is deemed an adverse prognostic parameter. A few scientific papers devoted to fetal state distortion point at HRV decrease in the presence of fetal distress [6, 7] . However, other research investigations confirm that HRV decrease is possible during the dormant period of the fetus as well as when its nervous system is suppressed by pharmaceuticals. The understanding of the HRV physiological mechanism is not complete. It is widely accepted that the central nervous system dominates HRV regulation [13, 14] . The activity of the autonomic nervous system can be viewed as a brain function marker reflecting the regulatory capacity of the central nervous system [15] . Fetal autonomic nervous system activity is assessed on the basis of the time and frequency analysis of the RR intervals temporal series.
Beat-to-beat heart rate registration is a reliable source of data on the HRV spectrum [16, 17] and an indispensable prerequisite for correct interpretation of the fetal cardiogram. The complex wave structure of the fetal cardiorythmogram stipulates for the use of the time and frequency domain methods when analyzing vague CTGs. The majority of papers focused on the study of fetal state distortion by using the methods of time and frequency analysis have respect to the diagnostics of fetal distress during childbirth [7, 8, 12, [18] [19] [20] [21] . We, however, believe that it is of utmost importance to monitor the fetus in the late weeks of gestation. We have defined percentile limits of the time and frequency analysis parameters required for fetal monitoring during the last weeks of pregnancy. The proposed diagnostic scale of fetal HRV time and frequency parameters permits to define the risk of anoxic damage when facing CTGs deemed alarming, including the cases of heart rate monotonous. 
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